The baseline energy use and the post retrofit energy use data are collected from utility bills. On the other hand, the energy governing factors other than the retrofit such as outdoor temperature or Cooling Degree Day (CDD), number of working days (NWD) and occupancy on the building are gathered corresponding to the pre-defined baseline and post-retrofit period. These non-retrofit energy governing factors are used to model adjusted baseline energy in calculating energy savings using regression analysis. Two types of energy saving analyses have been presented in the case study; 1) Single linear regression for each independent variable, 2) Multiple linear regression. Results show that number of occupancy has the highest coefficient regression, R 2 followed by NWD and CDD. This indicates that occupancy has stronger correlation with the energy use in the building than NWD and CDD. Finding also shows that the R² for multiple linear regression model are higher than single linear regression model. This shows the fact that more than one component are affecting the energy use in the building.
INTRODUCTION
In Malaysia, various Energy Efficiency (EE) programmes have been conducted. These include Green Building Index (GBI), which was launched on 21 st May 2009 to widen the usage of green technology green rating index on environment friendly buildings and the Ninth Malaysia Plan (2006) (2007) (2008) (2009) (2010) to emphasise on initiatives and programmes to improve EE and promote the use of Renewable Energy (RE) in the buildings [1] . Public Work Department (PWD) and Malaysia Energy Commission (EC) aim to achieve 30% of energy savings on current 22,000 buildings through retrofitting works using Energy Performance Contract (EPC). However, currently there is no specific guideline or common practices being used by Energy Service Companies (ESCOs) and facility owners in measuring, computing and reporting energy savings in Malaysia.
There are several protocols that are being used worldwide for determining energy saving. One of the most common and widely used is the International Performance Measurement & Verification Protocol (IPMVP). The IPMVP presents a framework and defines terms used in determining saving after implementation of a project. There are four Measurement and Verification (M&V) options defined by the IPMVP i.e. 1) Option A -retrofit isolation with key parameter measurement, 2) Option B -retrofit isolation with all parameter measurement, 3) Option C -whole facility and 4) Option D -calibrated simulation. According to IPMVP, energy savings cannot be directly measured, since savings represent the absence of energy use. Instead, savings are determined by comparing measured energy use or demand before and after implementation of an Energy Conservation Measure (ECM). To properly report saving, the impact of ECM on the energy consumption must be separated from the impact of independent variables such as weather condition, working days, production and occupancy. The energy baseline before ECM is installed must be adjusted to the same conditions (independent variables) of the reporting period i.e. after the installation of ECM. This 'adjustment' distinguishes proper savings reports from a simple comparison of cost or usage before and after implementation of an ECM.
In Malaysia, the IPMVP is still a new concept for determining energy savings. Therefore, this paper presents a study to quantify energy savings from a retrofit work on Water Cooling Package Unit (WCPU) at Selangor State Secretary Complex using IPMVP. Three independent variables that affect electricity consumption in the building i.e. 1) Number of Working Days (NWD), 2) Cooling Degree Days (CDD) and 3) Occupancy are considered in the analysis. Effects of the independent variables on the electricity consumption are modelled using single and multiple regression analysis. The energy savings are calculated using energy avoidance approach.
SELANGOR STATE SECRETARY COMPLEX
The study was performed on Selangor State Secretary office complex, an iconic landmark which is located at Shah Alam, Selangor. Sultan Salahuddin Abdul Aziz Shah (SSAAS) building in Shah Alam was built in 1977. The construction was made in two stages. The first stage was the North Podium and the second stage covered South Podium and Tower. The total area of the entire building is 578,250 square meters. The North podium was completed and in use since 1st January 1981.The selected building is a typical twenty five storey office building which contains assignable of instructional space including office spaces, lobby, meeting rooms and cafe. In total there are 56 departments in this building. The existing office buildings in Malaysia may have inefficient electrical energy usage and poor energy optimization consumption due to the following reasons; high energy consumption equipment is in place, internal power losses unanticipated such as poor power factor and energy conservation program has not engaged. As a result of that, high electricity bill is observed due to unwanted power losses in the building system which can cause high operation cost for the commercial buildings expenditure. This is also happening at Selangor State Secretary Complex. As an effort to reduce the energy consumption in the building, some retrofitting programs have been implemented such as upgrading the Water Cooling Package Unit (WCPU) system in July 2013. The upgrading work includes changed of 2 set of Air Handling Unit (AHU) and upgrading the air ventilation ducting. Figure 2 shows the HVAC system for Selangor State Secretary Complex. 
Energy Avoidance
In calculating energy avoidance, energy baseline is first developed using mathematical model which correlates actual baseline energy with independent variables. In this paper, the mathematical models are developed using single and multiple linear regression for each independent variable i.e. NWD, CDD and Occupancy.
Then, each reporting period's independent variables are inserted into the baseline equation to calculate the adjusted baseline energy. The energy cost avoidance is the difference between the adjusted baseline energy and reporting energy with respect to the reporting period condition.
(1)
Independent Variables
Characteristics of a facility use or environment which governs the energy consumption are called independent variables. Common independent variables are weather, number of working days and occupancy. Weather has many dimensions, but for whole building analysis weather is most often just outdoor temperature and possibly humidity depending upon the climate of the facility. Occupancy may be defined in many ways, such as office building core occupancy hours or maximum hours, number of occupied days (weekdays/weekends) and total visitors. To the extent that independent variables have a cyclical nature to them, the significance of their impact on energy use can be assessed through mathematical modelling. Parameters found to have a significant effect in the base year period should be included in the routine adjustments. Independent variables should be measured and recorded at the same time as the energy meters. For example, weather data should be recorded daily so it can be totalled to correspond with the exact monthly energy metering period which may be different from the calendar month. Monthly mean temperature data for a non-calendar month would introduce unnecessary error into the model.
Reporting Savings Considering Errors in Modelling Baseline using Regression.
Energy savings should be reported together with its relative precision at a given confidence level. Errors in reporting savings can come from; 1) metering which arises from the accuracy of sensors, calibration and etc., 2) sampling which arises when only a portion of the actual values is measured and 3) mathematical modeling error. In this paper, the error considers is only from modeling baseline using regression. Standard Error (SE) of the baseline can be presented in Equation (2) below;
(2)
where ′ is the model predicted energy value, is the actual energy value, n is sample size and p is number of regression model variable.
Since the baseline model is used to calculate the adjusted baseline for one year i.e. 12 months, therefore the combined standard error for the 12 months must be calculated as shown in Equation (3).
Absolute precision of the annual savings is calculated using Equation (4) below; (4) where t is the t-value in the T-table for a given 12 sample size and at specific pre-defined confidence level.
The relative precision is given by the Equation (5) below;
(5)
Test Data
The energy consumptions data for the baseline and reporting period are gathered from July 2012 to Jun 2013 and August 2013 to July 2014 respectively. These
energy consumption data are gathered from monthly utility bill. Three independent variables have been considered are the number of working days, weather and building occupancy to determine the energy saving. The number of working days is referred to working calendar in the state of Selangor. The weather data is gather from the nearest weather station i.e. Subang/Sultan Abdul Aziz Shah Airport, MY (101.55E,3.13N ). This should give a better representation of the weather at the building than any "reference" station for the larger region in which the building sits. There are two type of occupancy in this building, i.e. 1) full time employees and 2) visitors.
The full time employees' occupancy data is collected from attendance record, meanwhile the visitors' occupancy data is gathered from the registration at the guard house. For the visitors' occupancy, it is assumed that each visitor in average spent one hour in the building to complete their individual business. Therefore, eight number of visitor equivalent to one fulltime staff that spent 8 hours of their time in the building. The number of occupancy in a month is the sum of the total fulltime staff and the equivalent visitor-fulltime staff in the building.
RESULT AND DISCUSSION

Single Linear Regression for Number of Working
Days. Table 1 below shows the baseline data for NWD and energy consumption that are used to model baseline equation using single regression analysis. From the regression analysis, the coefficient of determination, R 2 for NWD is 0.6733 and the baseline linear equation is y = 52142x1 -51298 where x1 is the NWD and y is the energy use. This is shown in The baseline energy is adjusted to the same set condition of the reporting period by plugging the NWD values of the reporting period in the linear equation above. Energy avoidance is determined by comparing the adjusted baseline energy and measured energy during reporting period which is equal to 462,326 kWh as shown in Table 2 . The graph in Figure 4 shows the difference between baseline, adjusted baseline and reporting period consumption for NWD. The monthly standard error from the baseline equation is 51,691.40 kWh. The annual standard error is 179,064.28 kWh. From the T-table, the t-value for 12 months sample size and 1 variable at 95% Confidence Level is 2.23. Therefore, the absolute precision is calculated as 399,313.39 kWh and the relative precision is 86.37%. The estimated annual savings considering NWD can be expressed as 462,326 kWh ± 86.37% at confidence level of 95%. Table 3 shows the baseline data for Cooling Degree Days (CDD) and energy consumption that are used to model baseline equation using single regression analysis. From the regression analysis, the coefficient of determination, R 2 for CDD is 0.4255 and the baseline linear equation is y = 1391.3x2 + 211788 where x2 is the CDD and y is the energy use. This is shown in Fig 5 . Total energy avoidance during the reporting period considering CDD is equal to 228,222.60 kWh as shown in Table 4 . The graph in Figure 6 shows the baseline, adjusted baseline and reporting period consumptions with CDD as independent variable. In this case of CDD, the monthly standard error from the baseline equation is 68,542.99 kWh. The annual standard error is 237,439.9 kWh. From T-table, the tvalue for 12 months sample size and 1 variable at 95% Confidence Level is 2.23. Therefore, the absolute precision is calculated as 529,490.9 kWh and the relative precision is 232%. The estimated annual savings considering CDD can be expressed as 228,222.6 kWh ± 232% at confidence level of 95%. Table 5 shows the baseline data for occupancy and energy consumption that are used to model baseline equation using single regression analysis. = 19.527x3 + 252,774 where x3 is the occupancy and y is the energy use. This is shown in Total energy avoidance during the reporting period considering number of occupancy is equal to 284,018.95 kWh as shown in Table 6 . The graph in Figure  8 shows the difference between baseline, adjusted baseline and reporting period consumptions with number of occupancy. In this case of occupancy, the monthly standard error from the baseline equation is 51,539.81 kWh. The annual standard error is 178,539.15 kWh. From T-table, the t-value for 12 months sample size and 1 variable at 95% Confidence Level is 2.23. Therefore, the absolute precision is calculated as 398,142.3 kWh and the relative precision is 140%. The estimated annual savings considering CDD can be expressed as 284,018.95 kWh ± 140% at confidence level of 95%.
Single Linear Regression for Cooling Degree Days
Single Linear Regression for Occupancy
Multiple Linear Regression for the Considered Independent Variables.
Multiple regression is an extension of linear regression which consists of several independent variables. In this case, three independent variables i.e. NWD, CDD and occupancy are considered at the same time while modeling the baseline equation. Table 7 shows the baseline data for NWD, CDD, occupancy and energy consumption that are used to model baseline equation using multiple regression analysis. 068 where x1 is NWD, x2 is CDD and x3 is occupancy. The coefficient of determination, R 2 of this multiple regression case is 0.7232, which higher than the single regression cases.
Total energy avoidance during the reporting period for the multi regression case is equal to 339,912.98 kWh as shown in Table 8 . The graph in Figure 9 shows the difference between baseline, adjusted baseline and reporting period consumptions with multiple independent variables.
In this case of multiple variables, the monthly standard error from the baseline equation is 53,196.21 kWh. The annual standard error is 184,277.07 kWh. From T-table, the t-value for 12 months sample size and 3 variables at 95% Confidence Level is 2.31. Therefore, the absolute precision is calculated as 425,680.03 kWh and the relative precision is 125%. The estimated annual savings considering CDD can be expressed as 339,912.98 kWh ± 125% at confidence level of 95%. 
CONCLUSION
This study is conducted to determine the energy saving in SSAAS buildings after upgrading the WCPU considering various independent variables i.e. NWD, CDD and occupancy. The energy saving analyses are performed using single and multiple linear regression. Results show that the single linear regression coefficient R 2 for NWD is 0.6733, coefficient R 2 for CDD is 0.4255 and coefficient R 2 for occupancy is 0.6752. On the other hand, combining the variables using multiple linear regression provides coefficient R 2 of 0.7232. This shows that occupancy has the strongest correlation with energy use followed by NWD and then CDD. Since multiple regression gives higher coefficient regression than single linear regression, this shows that more than one factors affacting the energy use in the building. Higher standard errors are shown in all the analyses. There are several recommendation highlighted by IPMVP to reduce this standard error such as: 1) take more precise measurement equipment, 2) consider more independent variables in the mathematical model, 3) take a larger sample size, or 4) choose M&V Option that is less affected by unknown variables.
